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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a rolling bearing for suppressing 
the deterioration of a fretting abrasion resistant characteristic even 
reducing the quantity of lubricant to be enclosed, and moreover 
improving the fretting abrasion resistant characteristic. 
SOLUTION: A titanium oxide layer is formed onto at least one side of a 
rolling contact race surface and a rolling element surface, and is 
preferably to be an anatase-type having a coat thickness of 0.3-5.0 fl 
m. Consequently lubricating oil can be used as lubricant, and moreover a 
fretting abrasion resistant characteristic can be improved even reducing 
the lubricating oil Into fine quantity. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 * ♦ * ♦ shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to anti-friction bearing, and relates to the rocking portion of 
the actuator (especially swing arm) which is a part of component part of a hard disk drive (Following HDD is called), the bearing 
for spindle motors, and anti-friction bearing suitable as bearing used under the environment where light (natural light, sterilization 
light, etc.) hits periodically fiirthCT like the centre plate of medical-application equipments, such as a dentistry instrument, or the 
centre plate of a food-processing device especially. 
[0002] 

Pescription of the Prior Art] It is required that the rotation at high speed, the improvement in a sound property, rotation torque, 
and torque change of the spindle motor of HDD equipment or the bearing for swing arms should be more small in connection 
with power-saving of equipment, high responsibility, miniaturization, etc., and improvement in the ftirther fretting-proof wear 
property and the ftirther life is demanded. 

[0003] It is that rotation of a minute angle is repeated although grease lubrication is in use in anti-friction bearing for HDD swing 
arms, and an oil fihn is hard to be formed, and since lubricant serves as a lump in grease lubrication and it exists, grease is raked 
out from the contact surface of the raceway surface of inside and an outer ring of spiral wound gasket, and a rolling element, 
lubricous [ local / poor ] is produced here, consequently fretting wear is generated, and a bearing life tends to fall. 
[0004] Furthermore, since rotation torque becomes large by stirring resistance of grease, and the enclosure form of grease is not 
uniform and lubrication is not performed uniformly, torque change may be promoted. And grease disperses from bearing and it 
has the problem of polluting an operating environment. Increase of such torque and contamination of an operating environment 
become the cause which damage, and reading and a dictation error of a head generate. 

[0005] On the other hand, the ball bearing for spindle motors has the sound property demanded by HDD, and especially a severe 
noise performance. Conventionally, by the highly precise ball bearing, the amount of retained austenites (gammaR) is about 8 - 
1 2%, and ****** made from a bearing steel was that stress concentrates on a retained-austenite portion with low yield strength 
with riding raising and the impact load of the ball produced in the case of a nest, it produced minute permanent deformation in the 
raceway surface, and had the trouble that a sound property will deteriorate by this deformation. 

[0006] Moreover, if it is in these ball bearings included in HDD equipment Rusting is earned out with the moisture in air by this 
reacting with a slushing oil, and reducing a bond strength or a slushing oil being completely removed at the time of washing and 
degreasing, although adhesives are used in many cases in case it attaches centering on an inner ring of spiral wound gasket, when 
an inner ring of spiral wound gasket and a shaft are another objects. Since rotational accuracy is reduced or the case where the 
reliability of equipment is reduced has arisen, the cases which use stainless steel, such as SUS440C of a martensite system, are 
increasing in number. However, even if it was the case where SUS440C was used, as well as the case where a bearing steel is 
used since a retained austenite existed just over or below 10%, there was a problem that a sound property will deteriorate 
[0007] 

[Problem(s) to be Solved by the Invention] If it is going to correspond because the amount of grease enclosure few-quantifies in 
order to solve the problem by the above-mentioned grease lubrication, while fretting wear will occur by reduction of a grease fill 
and a bearing life will fall ftirther, there is a trouble of being easy to generate a poor sound conversely. 

[0008] Although there is an example which poured the lubricating oil into the interior of bearing directiy instead of grease in view 
of such a situation, when a lubricating oil is used, in order to obtain desired lubricity, comparatively a lot of lubricating oils are 
needed, and the problem that a lubricating oil is revealed from the interior of bearing tends to produce this. Moreover, although 
the example which infiltrated the lubricating oil into the cage is indicated by JP,8-326760,A It is necessary to use the special 
material which manufactures the cage itself with the porosity quality of the material, or is easy to contain an oil. control of tiie 
amount of exudation of about [ avoid ] and a lubricating oil increase of the manufacturing cost of bearing In this case, eye a 
difficult hatchet. There is a problem that the stable lubricous conditions are hard to be acquired - the lubricous oil quantity 
supplied to a raceway surface etc. becomes superfluous, or a lubricating oil is conversely insufficient and lubricity falls. 
[0009] Moreover, if it is in the former in order to solve the trouble about the above-mentioned sound property or a noise 
performance, tempering temperature of ****** made from stainless steel is made high, or the amount of retained austenites is 
decreased by repeating annealing, indentation-proof nature is raised, and the example which improves a sound property is 
indicated as indicated by JP,7- 103241, A, for example. 
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[0010] However, SUS440C originated in the hard eutectic carbide exceeding 10 micrometers inherent, and had the inclination for 
a target process tolerance to be obtained, to be hard and have, and for a sound perfonnance to be inferior. 
[00 11] in addition, the case used under the environment where the operating environment of anti-fiiction bearing is still severer in 
recent years, and stainless steel also runs short of corrosion resistance — being generated --**** — SUS440C steel — quantity — 
the anti-corrosion charge of ball bearing material will need to be selected 

[0012] It was made this invention taking the above troubles into consideration, even if it few- quantifies the lubricant to enclose, it 
suppresses degradation of a fretting-proof wear property, and it is making the technical problem offer of anti-friction bearing 
which can aim at improvement in a fretting-proof wear property fiirther. 
[0013] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, anti-friction bearing of this invention 
is characterized by the thing jna****** front face in which the titanium oxide layer was formed, to either [ at least ] a raceway 
surface or a rolling body surface in anti-fiiction bearing with which a rolling element is infixed and constituted between an inner 
ring of spiral wound gasket and an outer ring of spiral wound gasket at least. 

[0014] A small amount of lubricating oil is also made from the result which examined the surface treatment film with which high 
lubricity is obtained paying attention to the titanium oxide with which a super-lipophilic front face etc, is obtained for the purpose 
of suppression of a fall of the fretting-proof wear property which this invention persons use a lubricating oil, without using grease 
as the lubricous method, and can attain low raising dust-ization by few quantification with a still larger lubricating oil, and is 
followed on few quantification of a lubricating oil. 

[001 5] And in the invention in this application, by [ of a rolling body surface ] forming a titanium oxide layer at least in one side 
on a raceway surface and the front face of ****** at least, high lubricity is demonstrated to the lubricating oil of a ultralow 
volume, and a fretting-proof wear property improves. 

[0016] Furthermore, as a result of inquiring wholeheartedly, the above-mentioned titanium oxide layer had the desirable anatase 
type titanium oxide layer, and by setting more preferably 0.3-5 micrometers of the thickness to 0.5-3 micrometers, high lubricity 
was certainly demonstrated to the lubricating oil of a ultralow volume, and it checked raising fretting-proof wear ****. 
[0017] moreover, although there was no effect of a super-lipophilic operatione yen if it was a rutile-type-titanium-dioxide layer, it 
checked that improvement which is a fretting-proof wear pipp«'^^cfectivelycoiuH1je-ai|^^ at by considering as 
0.5-20-micrometer thickness In addition, in the case of ailotile-type-titanium-dioxide lay^^the material of the target bearing 
washer or a rolling element mainly becomes with a titaniunrHHoyr--- ^ . ^ 

[001 8] Furthermore, this invention persons paid their attention to the titaiium alloy which has high corrosion resistance as a 
material of ****** from a viewpoint on an anti-corrosion disposition. However, a titanium alloy is inferior to an antiwear 
characteristic, and in case it is especially used for the bearing for HDD equipments, fretting-proof wear tends to produce it. Then, 
lubricity was raised with surface treatment and the following results were wholeheartedly obtained for research in piles for the 

purpose of improving fretting-proof nature. 

[0019] That is, by forming ****** by the titanium alloy, by raising corrosion resistance and indentation-proof nature and forming 
the above titanium oxide layers on the surface of ****** fiirther, high lubricity was demonstrated to the lubricating oil of a 
ultralow volume, and it found out that a fretting-proof wear property was raised in anti-fiiction bearing which consists of an inner 
ring of spiral wound gasket, an outer ring of spiral wound gasket, and a rolling element. 

[0020] Here, it supplements about the case where a bearing washer is made into a titanium alloy. Also in a metal, especially a 
titanium alloy is a material which is excellent in corrosion resistance, and its corrosion resistance is higher than stainless steel. 
[002 1 ] MoreovCT, since Young's modulus is the abbreviation half of steel, when an impact load acts on anti-fiiction bearing, 
infinitesimal deformation produces a titanium alloy in the contact section of ****** and a rolling element. However, if it is the 
same impact load, since the elastic deformation of the contact section will become large by using material with small Young's 
modulus (titanium alloy) to ******, the planar pressure in the contact section falls. That is, by using a titanium alloy for ****** ^ 
the stress in the contact section is eased as compared with the case where a bearing steel and stainless steel are used for ******. 
Consequently, it is hard coming to generate an indentation and degradation of the sound property by formation of a minute 
indentation can be prevented. 

[0022] As a kind of titanium alloy used for ******^ a alpha+beta typ e or beta type all ov with hip^h vield stress is desirable . The 
beta titanium alloy which is high intensity also in a titan!OTnfll85?*aild is excellent m cold-working nature especially is suitable. 

[0023] Next, it supplements about an operation of the titanium oxide layer in this invention. The stoichiometric composition of 
the titanium oxide applied to this invention although the chemical composition of titanium oxide changes with the number of the 
oxygen to combine variously is Ti02. It is shown and is Ti02 further. Two kinds, a rutile type and an anatase type, mainly exist. 
[0024] Generally, when a titanium alloy is used for the material of a bearing washer or a rolling element, although there are two 
kinds, an air oxidation style and anodic oxidation, in an air oxidation style, rutile type titanium oxide is formed preferentially, and 
anatase type titanium oxide is formed by the anode oxidation method. 

[0025] Here, that it is the material which has a photocatalyst activity operation becomes whether to be Toshiaki Kon et al., and 
anatase type titanium oxide attracts attention. A photocatalyst operation is an operation which a surface state will change if 
ultraviolet rays 400nm or less are irradiated by the titanium oxide front face, and forms the so-called super-lipophilic property 
front face where an affinity is very high to an oil. 

[0026] Although not made still clear about the mechanism in which a front face serves as super-lipophilic property by irradiating 
light, the front face which a photocatalysis arises and hardly crawls an oil by irradiation of a short-time light is formed. That is, on 
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the titanium oxide layer front face which irradiated Ught, a contact angle with an oil becomes about 0 degree, and the wettability 
of a lubricating oil improves remarkably. 

[0027] Since organic compound removed neither by moisture nor washing in fact is adsorbing even if it performs various 
washing to the front face of ****** and a rolling element and makes a front face pure, although the wettability of a surface of 
metal and a lubricating oil is originally comparatively good theoretically, the wettability with the oil in an actual front face will not 
be good, and the amount of a lubricating oil required to form uniform lubricating fihn will increase that it is necessary. 
[0028] On the other hand, as compared with the case where a direct lubricating oil is applied to front faces, such as the 
conventional steel bearing washer, the wettability of a lubricating oil improves sharply by forming the anatase type titanium oxide 
layer which shows super-lipophilic property in shding surfaces (rolling contact surface of rolling element), such as ******^ based 
on the invention in this applicatioa Consequently, since a uniform oil fihn is formed in the front face of ****** and a rolling 
element in an instant, an oil fihn piece does not arise but the fretting wear property of rocking rotation of a minute angle like HDD 
swing-arm bearing improves. 

[0029] Furthermore, since wettability improves, lubricous oil quantity can be reduced sharply, disclosure and scattering of a 
lubricating oil are suppressed, and the contamination to a record medium etc. can be prevented again. Although it is attained here 
only after formation of the super-lipophilic side in a titanium oxide front face has irradiation of li^t, even if it is the case where 
irradiation of light is stopped, a super-lipophiUc state is not necessarily lost immediately and the effect is maintained for a while. 
And although an effect declines in connection with the passage of time, the behavior of the attenuation is loose and a 
super-lipophilic state can be reproduced by irradiating light again. 

[0030] That is, anti-friction bearing of the invention in this application at the time of formiag a titanium oxide layer with an 
anatase type becomes suitable for the equipment used for bearing under the environment where light hits, continuously or 
intermittentiy. 

[003 1] On the other hand, rutile type titanium oxide does not form the super-lipophilic front face by the photocatalysis. However, 
to not being high as for the antiwear characteristic of anatase type titanium oxide itself, since the antiwear characteristic of the 
oxidizing zone itself and the antiseizure property of a rutile type titanium dioxide are high, by forming a rutile type titanium oxide 
layer, even if it is the lubricating oil of a minute amount, its fretting-proof nature can improve, and rocking rotation of a minute 
angle like HDD swing-arm bearing can also use it suitably. 

[0032] As mentioned above, even if it adopts the titanium oxide layer of which mold, it is possible to raise a fretting-proof wear 
property. However, when a titanium alloy is used for the material of a bearing washer or a rolling element, in order to heat to an 
elevated temperature in the atmosphere generally, to oxidize a front face and to obtain, the organization of the material of bearing 
parts may change in prolonged heating maintenance, and control of thickness is difficult for a rutile type. On the other hand, even 
if an anatase type is the case where a base material is a titanium alloy in case a titanium oxide layer is formed since it is mainly 
obtained by the anode oxidation method and heating is not needed, it does not produce change of an organization. Titanium oxide 
anatase type [ from this point ] is more desirable. 

[0033] Moreover, since coat processing is uniformly [ easily and ] possible for anatase type titanium oxide to a metal so that it 
may mention later, especially even if it is not necessary to be a titanium alloy as materials, such as a bearing washer, and you may 
be steel, a product made from a ceramic, etc. and it is steel, it is not limited to a steel type. 

[0034] moreover, the thing for which processing conditions are adjusted in the case of an anatase type titanium oxide layer — a 
front face a request, such as making a character into a smooth side or a porosity side, - it becomes possible to control to a 
character For example, if the surface state of a titanium layer is formed in the shape of porous one, wMle catalytic-reaction area's 
increasing and becoming easy to form a super-lipophilic state, a lubricating oil collects on a porous portion, lubricity improves 
fiirther and a fretting-proof wear property increases. 

[0035] But it becomes advantageous anti-fiiction bearing on corrosion resistance or a sound property further by making materials, 
such as a bearing washer, into a titanium alloy as mentioned above. Moreover, about titanium oxide layer thickness, since in the 
case of an anatase type titanium oxide layer a photocatalysis will not be in a super-lipophilic state, without fiiUy being carried out 
when thickness is thinner than 0.3 micrometers, 0.3 micrometers or more are desirable. On the other hand, by 5 micrometers or 
more, a photocatalysis is [ tiiickness ] reaching the ceiling, the interface intensity of a titanium oxide fihn with ****** falls 
remarkably fiirther, a titanium oxide fihn exfoUates, and the effect cannot be demonstrated (refer to [ Table 2 and ] Table 3). 
i [0036] Therefore, the thickness at the time of considering as an anatase type titanium oxide layer has desirable 0.3-micrometer or 
more thing for which 5 micrometers or less are desirably set to 0.5 micrometers or more 3 micrometers or less. 
[0037] On tiie other hand, when it considers as a rutile type titanium oxide layer, if thickness is 0.5 micrometers or less, the effect 
on a fretting-proof disposition will be small, and the effect will be saturated with 20 micrometers or more. Furthermore, in air 
oxidation treatment, since titanium oxide layer thickness tends to become uneven, if thickness is too thick, precision will fall (refer 
to [Table 2 and] Table 3). 

I [0038] Therefore, when it considers as a rutile type titanium oxide layer, it is desirable to set thickness to 0.5 micrometers or \ 
more 20 micrometers or less. I 
[0039] . 

[Embodiments of the Invention] Next, the gestalt of operation of this invention is e)q)lained. In addition, it explains by the steel 
case as a material of bearing parts. 

[0040] The same heat treatment as manufacture of bearing parts, such as the conventional bearing washer, is added, and a bearing | 
washer is manufactured. For example, to the bearing washer material and rolling voxel material of SUJ2, hardening hardening is I 
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perfonned and hardness manufactures the bearing washer o£ HRC 61-6 3, and a rolling element. 

[0041] Next, perform being immersed and raising after polidTdurmg the bath of the coating agent which consists of the sol or 
powder of anatase type titanium (the dipping method), it is made to dry at 60-120 degrees C, and the anatase type titanium oxide 
layer of predetermined thickness is formed. 

[0042] The above-mentioned thickness adjusts the raising speed from a bath so that it may be set to 0.3-5 micrometers. The 
bearing washer and rolling element which formed the anatase type titanium oxide layer in the front face as mentioned above are 
attached, and anti-friction bearing is produced. At this time, a slight quantity of a lubricating oil is applied as lubricant. 
[0043] using it under the environment where light (natural light etc.) hits, suitably, if it is in the above-mentioned bearing — or 
suitably, it is applying light (natural light etc.), the contact surface of wettability of a lubricating oil of a bearing washer and a 
rolling element improves sharply by super-lipophiHc property, and even if it is the lubricating oil of a minute amount, a uniform 
oil film is formed in the front face of a bearing washer and a rolling element in an instant That is, even if it uses a lubricating oil 
instead of grease as lubricant, a slight amount is sufficient as the lubricating oil concerned, and a uniform oil fihn is formed in an 
instant, an oil fihn piece is avoided, and a fretting-proof wear property improves. 

[0044] Since it is addition of a slight amount even if it uses a lubricating oil as lubricant at this time, disclosure and scattering of a 
lubricating oil can be suppressed. Furthermore, the torque change at the time of the high-speed rotation which became a problem 
conventionally with grease lubrication is also inhibited by the oil fihn to a lubricating oil being formed uniformly. 
[0045] Here, although the above-mentioned operation gestalt explains the case where an anatase type titanium oxide layer is 
formed in both a rolling element and a bearing washer to the example, you may form an anatase type titanium oxide layer only in 
one bearing parts. Moreover, when forming an anatase type titanium oxide layer in a bearing wadier, you may make it form only 
in a raceway surface. 

[0046] There are two kinds of raw materials of anatase type titanium oxide, an organic system and an inorganic system. After an 
application, although membranes are calcinated and formed, an organic system has a burning temperature as high as 400-800 
degrees C, and since a bearing washer and a rolling element soften, it is unsuitable. 

[0047] On the other hand, the anatase type titanium of an inorganic system is powder or a sol, and after an appUcation, in order to 
dry at 60-120-degree C low temperature and to form membranes, it is suitable. As an applying method, although there are the 
dipping method, the spin coat method, a spray method, etc., simple nature and mass-production nature to the dipping method is 
suitable. 

[0048] Moreover, although the above-mentioned explanation explains the case where applied and dried the anatase type titanium 
oxide coating agent, and an anatase type titanium oxide layer is formed to the example, a rutile type titanium oxide coating agent 
may be applied and dried, and a rutile-type-titanium-dioxide layer may be formed. 

[0049] In this case, although the effect of super-lipophilic property is not acquired, it can raise a surface fretting-proof wear 
property by the rutile-type-titanium-dioxide layer. Furthermore, while corrosion resistance and indentation-proof nature improve 
and a sound property and a noise performance become the suitable bearing of severe anti-friction bearing for spindle motors by 
producing the material of a rolling element and a bearing washer by the titanium alloy and the titanium alloy of especially a beta 
type or alpha+beta type, the front face is protected in a titanium oxide layer, and lubricative high reservation to the lubricating oil 
of an above-mentioned slight amoimt and improvement in a fretting-proof wear property are achieved. 

[0050] Here, the bearing washer which consists of the above-mentioned titanium alloy is formed as follows, for example. That is, 
after carrying out, performing cold rolling processing, carrying out the grinding (lathe turning) of the aging treatment continuously 
about the material which consists of a beta type or a alpha+beta type titanium alloy and fabricating in a predetermined 
configuration, a titanium oxide fihn is formed by above-mentioned anodic oxidation or an above-mentioned air oxidation style. 
[0051] 

[Example] Next, the example about anti-friction bearing formed based on this invention is explained. The grease used in each 

example explained below and a lubricant type, and the lubricous oil quantity are as follows. 

[0052] 

Grease: Lithium-synthetic-oil system grease-lubrication oil : Ester-oil lubricous oil quantity: Pour in 5% 1% 0.5% 0.3% to 
bearing space capacity. 

[0053] Moreover, the rocking durability test in the following example is performed the following condition. 

Rocking frequency : 30Hz outer-ring-of-spiral-wound-gasket rocking : 8-degree axial load : 29.4-N rocking repeat rotational 

frequency : 5 million rotation ambient temperature : Bearing was decomposed after ordinary temperature and the fluctuation test, 

the wear state of an inner ring of spiral wound gasket and an outer ring of spiral wound gasket was observed, and the wear depth 

of an inner-ring-of-spiral-wound-gasket raceway surface and an outer-ring-of-spiral-wound-gasket raceway surface was 

measured. 

[0054] Moreover, the raising dust examination in the following example is performed the following condition. That is, a bearing 
outer ring of spiral wound gasket is rotated by 7200rpm in the sealed container, the number of the dust generated in that case is 
measured by the out particle counter, and it considers as the amount of raising dust. 

[0055] The amount of raising dust counted the number of dust with a particle size of 0. 1 micrometers or more which exists in 
0. 1 cf(s) (cube foot), and judged the amount of raising dust in the time of 1 hour passing with the number. Moreover, the torque 
examination in the following example is perfonned the following condition. 

[0056] That is, a torque performance pours the lubricating oil of the amount of conventions into the interior of bearing, and 
measures the torque and torque change which rotate an inner ring of spiral wound gasket by 2rpm with a slewing gear, and are 



http7/www4.lpdl.jpo.go.jp/cgl-bln/tran_web_cgLejje 



required in early stages of the rotation where a 9.8-N axial load is given. 

[0057] Next, the 1st example of this invention is e?^lained, referring to a drawing, this example is a thing about the experiment 
for checking the operation and effect about the improvement in a fretting-proof wear property on a lubricous disposition by 
forming the anatase type titanium oxide layer based on this invention about a steel bearing-parts front face. 
[0058] Here, SRI 810 was produced as examination bearing and the bearing washer and the rolling element used SUJ2. And 
while preparing anti-friction bearing (a-:^ based on this invention which formed the anatase type titanium oxide layer in the 
bearing washer by thickness as shown in Table 1 , anti-frictiori bearing (g-1) which does not form a titanium oxide layer in a 
bearing washer for comparison was prepared. 

[0059] And in order to consider as oil lubrication and to see the influence of lubricous oil quantity, it experimented by the various 
lubricous oil quantity shown in Table 1 . 
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[006 1 ] When it carried out by the various lubricous oil quantity which showed the above-mentioned rocking durability test in 
Table 1 about each above-mentioned bearing and the wear depth after a fluctuation test was investigated, the relation of the wear 
depth after lubricous oil quantity as shown in drawing 1 , and a fluctuation test was obtained. Among drawing 1 , - is the bearing 
of the examjple based on this invention, and O is the thing of comparative bearing. 

[0062] In example g-1 of comparison which does not perform titanium oxide coat processing to a bearing washer front face, 
although the wear depth has shallow lubricous oil quantity to bearing space capacity at the time of 1% or more and a 
fretting-proof wear property is high, if injection rate is smaller than 1 %, lubricity will no longer be obtained enough and the wear 
depth will increase rapidly, so that drawing 1 may show. That is, it is necessaiy to supply lubricous oil quantity 1 % or more by the 
bearing space volume ratio. 

[0063] On the other hand, in example a-f of this invention which the titanium oxide layer formed, it turns out that the fretting wear 
property of few lubricous oil quantity [ 1% or less of] is improving by the bearing space volume ratio, and lubricity is improving 
remarkably regardless of lubricous oil quantity by improvement in the oil fibn organization potency accompanying the 
manifestation of super-lipophihc property. That is, in anti-friction bearing based on the invention in this application, it turns out 
that a lubricating oil is used for lubricant, and it is satisfactory on a fretting wear property even if the amount of supply is veiy 
small (it is 1% or less at a bearing space volume ratio). 

[0064] next, the various bearing of the conditions of a titanium oxide layer as shown in Table 2, and lubricous conditions was 
prepared that the difference in the effect by the difference in the thickness of the processing fihn of a titanium oxide layer should 
be investigated, and the wear depth, the amount of raising dust, the rotation torque, and the torque variation which are after a 
fluctuation test were investigated In addition, the titanium oxide layer has made a part of lubricous method grease lubrication 
about the example of comparison which is an anatase type. 
[0065] The result is shown all over Table 2. 
[0066] 
[Table 2] 
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[0067] Like the examples 2 and 3 of comparison, an antiwear characteristic is good, and as shown in this table 2, when its 
attention is paid to the examples 1 -3 of comparison which do not have a titanium oxide coat in both a bearing washer and a rolling 
element, when 2% (example 2 of comparison) of bearing space volume ratios, and 10% (example 3 of comparison) and lubricous 
oil quantity have enough lubricous oil quantity, although a torque variation is also small, there are quite many amounts of raising 
dust compared with the example of a This is because lubricous oil quantity needed to make [ many ] it in order to secure lubricity, 
and scattering of an oil increased at the time of rotation of bearing. In this case, the oil which dispersed may pollute an HDD 
record medium and becomes unsuitable at the bearing of HDD equipment. Furthermore, when lubricous oil quantity decreases 
like the example 1 of comparison, it turns out that lubricity falls and a fretting-proof wear property and dusting characteristics fall. 

[0068] Moreover, if its attention is paid to the examples 4 and 5 of comparison which performed grease lubrication, in the 
example 5 of comparison which performed titanium oxide layer processing to ******, by super-lipophilic operation of a titanium 
oxide layer, lubricating fihn becomes is easy to be formed in the oil lubricous said appearance, lubricity will improve and the 
wear depth will become small as compared with the example 4 of comparison. However, as mentioned above, in the case of 
grease lubrication, that torque change becomes large by stirring resistance cannot avoid easily, and since many [ as compared 
with oil lubrication ], the amount of raising dust also becomes unsuitable at the bearing for HDD swing arms with a severe 
demand. 

[0069] Moreover, when thickness is thinner than 0.3 micrometers or becomes thicker than 5.0 micrometers even if it performs 
titanium oxide coat processing to a bearing washer as shown in the examples 6-7 of comparison, it turns out that each of wear 
depth, amounts of raising dust, and rotation torque is large. 

[0070] Since in the case of the example 6 of comparison it runs short of thickness that 0.3 micrometers or less and a 
photocatalysis arise [ titanium oxide layer thickness ] and a front face will not be in a super-lipophilic state, this is considered that 
lubricity fell. 

[007 1 ] On the other hand, in the case of the example 7 of comparison, since titanium oxide layer thickness is as thick as 5 
micrometers or more, the intensity of the interface of a titanium oxide layer and a bearing washer falls, and a titanium oxide layer 
causes ablation and is considered that lubricity fell remarkably. 

[0072] On the other hand, even if it is a case especially with little lubricous oil quantity in the example based on this invention, 
the lubricity which was excellent with a super-lipophilic operation of an anatase type titanium oxide layer is demonstrated, the 
amount of raising dust, rotation torque, and the wear depth decrease, and the eflfect is clear. 

[0073] Moreover, it not being necessary to necessarily give a titanium oxide layer to both ****** and a rolling element, and 
giving a titanium oxide layer to either ****** or a rolling element also acquires a good effect so that the result of examples 1, 2, 
4, 5, 7-10 may show. 

[0074] Moreover, if 0.3 -micrometer or more range of processing layer thickness is 5 micrometers or less when titanium oxide 
layer thickness is changed like examples 7-10, a super-lipophilic operation is demonstrated and it turns out also in which 
processing layer thickness that the effect does not change. 

[0075] Next, the 2nd example is explained, referring to a drawing, this example is for checking the effect about the lubricous 
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disposition top at the time of making a bearing washer material into.^-titaaitim alloyr«a4fonmng a titanium oxide layer in the 
front face, the improvement in a fretting-proof wear property,^^t(r'^ ^""^"""^.^^^^ 

[0076] SRI 810 was produced as examination bearing and aaJi-15Mo-5Zr alloy (beta titanium all^?SUS440C, and three kinds 
of SUJ2 were used as a material of a bearing washer. And it exaiimied by piepM'llig vaiiouskiii^s ofoearing of bearing washer 
material [ which is shown in Table 3 ], lubricous condition, and titanium oxide layer conditions. In addition, grease was adopted 
as the lubricous method of a part of bearing. 
[0077] 
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[0078] Here, oxidation treatment of a Ti-1 5Mo-5Zr alloy ****** front face is performed by two kinds, an anode oxidation 
method and air oxidation treatment, and evaluates by preparing the bearing in which both the anatase type titanium oxide layer 
and the rutile-type-titanium-dioxide layer were formed. 
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[0079] Moreover, in order to check corrosion resistance apart from an above-mentioned examination unlike the 1st example, the 
salt spray test was performed about ******. The salt spray test was performed by spraying NaCl solution continuously 5% with a 
temperature of 35 degrees C for 150 hours, is measuring weight change after removing the corrosion product of the specimen 
after an examination, and evaluated the corrosion rate by mmAhe year. 

[0080] In addition, as an error critdion, they are ** and L about the case of O and 0.13-1.3mm^ear in the case of 0.13mm^ear 
or less. 3mm [ f] or more case was made into x the year. The wear depth, the amount of raising dust, the rotation torque, torque 
variation, and salt spray test result after a fluctuation test are shown all over the above-mentioned table 3. 
[0081] As shown in this table 3 , when its attention is paid to the examples 1 -3 of comparison which do not give a titanium oxide 
coat to a bearing washer and lubricous oil quantity is the small examples 1 and 2 of comparison, the wear depth after a rocking 
abrasion test is understood that it is large and the amount of raising dust and a torque variation are also high, moreover, lubricity 
improves the example 3 of comparison which increased lubricous oil quantity -- having — the wear depth — some — an amount — 
although it becomes small, the wear depth is relatively large, and since there are many amounts of raising dust, when it is used for 
the bearing for HDD, the antiwear characteristic of the titanium alloy itself may pollute a record medium, and becomes unsuitable 
as bearing for HDD at a low sake 

[0082] Moreover, if its attention is paid to the examples 4 and 5 of comparison which adopted grease lubrication, as for the 
example 5 of comparison which performed titanium oxide layer processing, lubricating film will become is easy to be formed in 
the oil lubricous said appearance by super-lipophilic operation of a titanium oxide layer, lubricity's will improve, and the wear 
depth will become small as compared with the example 4 of comparison without a titanium oxide layer. However, in the case of 
grease lubrication, that torque change becomes large by stirring resistance caimot avoid easily, and since many [ as compared 
with oil lubrication ], the amount of raising dust is also unsuitable [ in the case of ], as mentioned above to the bearing for HDD 
swing arms with a severe demand. 

[0083] Moreover, if its attention is paid to the examples 6 and 7 of comparison which performed anatase type titanium oxide coat 
processing to the bearing washer, in spite of having performed anatase type titanium oxide coat processing, each of wear depth, 
amounts of raising dust, and rotation torque is large. Since in the case of ttie example 6 of comparison it runs short of thickness 
that 0.3 micrometers or less and a photocatalysis arise [ titanium oxide layer thickness ] and a front face will not be ia a 
super-lipophilic state, this is considered that lubricity fell. On the other hand, since anatase titanium oxide layer thickness is as 
thick as 5 micrometers or more, the example 7 of comparison is considered because the intensity of the interface of a titanium 
oxide layer and a bearing washer fell, the titanium oxide layer caused breakaway and lubricity fell remarkably. 
[0084] Moreover, when its attention is paid to the examples 8 and 9 of comparison which performed rutile-type-titanium-dioxide 
coat processing to the bearing washer, since titaniimi oxide layer thickness is less than 0.5 micrometers, an antiwear characteristic 
falls and each of wear depth, amounts of raising dust, and rotation torque is large [ the example 8 of comparison ]. Although an 
antiwear characteristic improves and the wear depth is decreasing in order that titaniiim oxide layer thickness may exceed 20 
micrometers in the case of the example 9 of comparison, since an ununiformity arises in coat layer thickness, precision falls and 
torque change becomes large a little, it is unsuitable. 

[0085] Moreover, when its attention is paid to the examples 10 and 1 1 of comparison which used SUJ2 and SUS440C for 
****** material, when there are few lubricating oils, fretting-proof nature falls, the wear depth, the amount of raising dust, and 
rotation torque increase, and, as for the result of a salt spray test, that it is low also shows corrosion resistance. 
[0086] It turns out that the lubricity which was excellent by regulating a processing film to 0.3-5 micrometers on the other hand 
with a super-lipophilic operation of a titanium oxide layer in the case of the examples 1-6 based on this invention which carried 
out anatase type titanium oxide coat processing even if it was a case with little lubricous oil quantity is demonstrated, and the 
amount of raising dust, rotation torque, and the wear depth are decreasing. 
' [0087] Moreover, by regulating a processing film in thickness of 0.5-20 micrometers, in the case of the examples 7-11 based on 
the invention in this apphcation which performed rutile-type-titanium-dioxide coat processing, an antiwear characteristic 
improves remarkably by the rutile-type-titanium-dioxide coat also as a titanium alloy, moreover, the amount of raising dust, 
rotation torque, and the wear depth are decreasing the material of bearing parts to it, and the effect is clear to it. Moreover, the 
result of a salt spray test of each example of this invention is also good, and corrosion resistance is also high. 
[0088] Next, the experiment about improvement in the shock resistance at the time of forming a titanium oxide layer in a front 
face as a bearing washer material as mentioned above using a titanium alloy and load carrying capacity was conducted. Namely, it 
incorporates, where pre-load is applied to a ball 8 as a ball bearing 3 of a spindle motor as shown in drawing 2 , and it carries out 
by applying an impact load by making it fall this whole spindle motor. As an impact load, it carries out by being six kinds, 10, 13, 
15, 17, 20, and 25kgf(s), and the degree (elevation of noise) of degradation of a sound property before and after applying each 
impact load is measured, in addition, the inside of drawing 2 and a sign 1 — a shaft -- a sign 2 — a sleeve -- a sign 4 - an 
inner-ring-of-spiral- wound-gasket orbit - in the sign 5, the sign 6 expresses the outer-ring-of-spiral-wound-gasket orbit, and the 
sign 7 expresses the outer ring of spiral woimd gasket for the inner ring of spiral wound gasket 
M [0089] The result of this examination is shown in drawing 3 . The bearing of this example corresponds to the example 7 in the 
above-mentioned table 3, and makes a rutile-type-titanium-dioxide layer form in a Ti-15Mo-5Zr alloy ****** front face by air 
oxidation treatment here. Moreover, example I of comparison in drawing 3 - NI change tempering temperature by the case where 
SUS440C is used for amoimt of retained austenites 12% (example I of comparison), 8% (example RO of 

comparison), and 6% (example HA of comparison) And it sets up with 0% (example NI of comparison), respective^. 
[0090] When it is made 0% (example NI of comparison) of retained austenites, it stops producing elevation of sound pressure. 
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although elevation of sound pressure is remarkable when an impact load becomes large since it is inferior to indentation-proof 
nature when its attention is paid to the example of comparison, and the retained austenite remains in ****** using SUS440C. 
[0091] On the other hand, in the example which formed the titanium oxide layer based on this invention by making a bearing 
washer material into a titanium alloy, even if sound pressure level is which impact load, without receiving influence in the size of 
an impact load, it is low. Since local stress concentration does not happen even if an impact load increases, since this is using the 
titanium alloy with small Young's modulus, indentation-proof nature improves and change of sound pressure is for not being 
generated. 

[0092] Furthermore, when SUS440C is used for ****** and the amount of retained austenites is made 0%, even if it compares 
the bearing based on this invention, sound pressure level understands a bird clapper low relatively. Since many big and rough 
eutectic carbides exceeding lOmicrometer remain in SUS440C, a wear difference produces this between a base and carbide, there 
is no wear difference local since the bearing based on this invention forms the titanium oxide layer to carbide interfering in the 
contact section and sound pressure becondng high, and since interference of the stiff sludges like SUS440C does not arise, a 
sound pressure value becomes low relatively. Therefore, in anti-friction bearing concerning this invention, it turns out that it can 
be suitably used as ****** of the bearing for HDD spindles as which severe sound **** is required. 

[0093] As mentioned above, by using a titanium alloy with Young's modulus smaller than steel for ******^ the indentation-proof 
nature at the time of an impact load being given improves, and degradation of sound **** can be inhibited. Furthermore, a 
fretting-proof wear property improves by forming a titanium oxide layer ina****** front face by.the thickness of the specific 
range. Since lubricous oil quantity can be sharply reduced in oil lubrication, low raising dust-ization can be attained, and a 
demand serves as suitable bearing for the severe swing arm for HDD, and the bearing for spindles. 
[0094] 

[Effect of the Invention] ff it is when anti-friction bearing of this invention is adopted, and a titanium oxide film is an anatase type 
as it ****(ed) above Only by irradiating suitably the bottom of the environment where light including ultraviolet rays is applied 
suitably, and light including ultraviolet rays A fretting-proof wear property improves by being able to obtain a super-lipophilic 
front face to either [ at least ] ****** or a rolling element, and high lubricity being obtained, even if the lubricating oil concerned 
is a ultralow volume, while being able to use a lubricating oil as lubricant. Moreover, even if a titanium oxide film is a rutile type, 
regardless of the existence of irradiation of light, a fretting-proof wear property improves at least. 

[0095] Thus, even if it adopts oil lubrication instead of being the grease lubrication which torque change tends to produce when 
the invention in this application is adopted, lubricous oil quantity can be reduced sharply and about [ that low raising dust-ization 
can be attained ] and a fretting-proof wear property improves. 

[0096] It enables this to offer the suitable bearing for example, for the swing-arm bearing for HDD etc. 



[Translation done.] 
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